The diagnosis and staging of lung cancer critically depends on surgical procedures. Endoscopic ultrasound (EUS) -guided fine-needle aspiration (FNA) is an accurate, safe, and minimally invasive technique for the analysis of mediastinal lymph nodes (LNs) and can additionally detect tumor invasion (T4) in patients with centrally located tumors. The goal of this study was to assess to what extent EUS-FNA could prevent surgical interventions.
INTRODUCTION
Diagnosis and staging of lung cancer critically determines the proper treatment modality for these patients. To date, accurate mediastinal staging depends on invasive surgical interventions, such as mediastinoscopy. Tissue verification of mediastinal lymph nodes (LNs) suspect for metastases is important as patients with regional LN metastases are preferably treated with multimodality treatment, whereas, surgery alone is the treatment of choice in patients without regional and distant metastases. 1 Mediastinoscopy is the standard method for mediastinal LN staging 1 but drawbacks are its invasiveness, requirement of general anesthesia, need for clinical admission, as well as the risk of complications (2%). 2 Endoscopic ultrasound (EUS) -guided fine-needle aspiration (FNA) has a sensitivity of 88% and specificity of 91% for the analysis of enlarged LNs in patients with non-small-cell lung cancer (NSCLC). [3] [4] [5] In addition to LN staging, one study observed a high accuracy of EUS for the assessment of mediastinal tumor invasion (T4). 6 Importantly, EUS-FNA is safe, minimally invasive, and performed in an ambulatory setting. Recently, a few medium-sized studies reported that EUS prevented mediastinoscopies in patients both with 7, 8 and without 9 enlarged mediastinal LNs. Large prospective studies evaluating the impact of EUS-FNA on surgical staging, by assessing mediastinal metastases or tumor invasion, are lacking. Therefore, we prospectively performed EUS-FNA in patients with (suspected) lung cancer and determined its impact on scheduled surgical staging procedures.
PATIENTS AND METHODS

Study Design
Patients with suspected or proven NSCLC and enlarged (Ͼ 1 cm short axis) mediastinal LNs at computed tomography (CT) scan of the chest-regardless of their localization-who were scheduled for a surgical staging procedure (mediastinoscopy/-tomy, (exploratory) thoracotomy) were eligible for this study. Staging by EUS-FNA before the intended surgery occurred under the assumption that EUS could prevent 50% of these interventions. Consecutive patients underwent EUS-FNA after obtaining informed consent. Surgical-pathologic staging occurred in those patients in whom neither LN metastases nor tumor invasion were found at EUS. Prevented surgical interventions because of EUS findings were recorded.
Patients
Two hundred forty-two consecutive patients were included in this study. The mean age of the study population was 63 years (range, 39 to 78) and 69% were male. The intrapulmonary tumors were evenly distributed between the left lung (44%) and right lung (44%)-left upper lobe 23%, left lower lobe 20%, lingula 1%, right upper lobe 17%, right lower lobe 26%, middle lobe 1%-and 12% of patients only presented with a mediastinal mass. Enlarged mediastinal LNs, as detected by CT scan of the chest, were located in regions considered to be within reach of EUS-FNA in 86% of patients (either paratracheally on the left, the aortopulmonary window, subcarinally, or in the lower mediastinum). In 16% of patients, enlarged mediastinal LNs were only located paratracheally on the right-a region considered difficult or beyond reach of EUS-FNA. The mean size of the mediastinal LNs at chest CT was 24 mm (range, 13 to 77 mm; Table 1 ). All patients had undergone at least one bronchoscopy previously and in 6% of patients transbronchial needle aspiration (TBNA) had been performed. The ethical committee of the Leiden University Medical Center (LUMC) approved the use of EUS-FNA for the staging of lung cancer. Included in the present study are 19 patients with PET positive mediastinal lesions that have been reported previously.
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EUS-FNA
EUS-FNA examinations were performed at the department of Pulmonary Medicine of the LUMC by two experienced investigators (JTA/KFR). The LUMC is a university and tertiary care hospital and the pulmonary department is a referral site for the analysis of mediastinal lesions by EUS-FNA. A Pentax FG 34 UX echo-endoscope (Pentax GmbH, Hamburg, Germany) with a longitudinal convex ultrasound transducer with an adjustable ultrasonic frequency of 5, 7.5 or 10 MHz was used in combination with a Hitachi EUB 6500 ultrasound scanner (Hitachi Medical Systems Ltd, Reeuwyk, the Netherlands). EUS-FNA was performed on an outpatient basis under conscious sedation using midazolam (1-5 mg IV). Before EUS-FNA, a CT scan of the chest was available to the investigators. At EUS, we started with a thorough investigation of all mediastinal LNs that can be reached from the esophagus. Enlarged or otherwise suspect LNs, were numbered according to the American Joint Committee on Cancer staging system 11 and subsequently biopsied. If present, N3 LN stations were biopsied first, when ipsilateral LNs were visualized we started biopsying the most suspicious one obviously using a new needle. Aspirates were obtained under EUS guidance from the esophagus with a 22-gauge needle using suction (GIP/MEDI-Globe, type Hancke/Vilmann). The aspirated material was examined on site to judge the sample for its adequacy. After the procedure, all slides were examined by an experienced cytopathologist (MV). It was recorded whether the primary tumor was visible from the esophagus and, if so, whether invasion in centrally-located vessels or mediastinum was present (T4). We defined mediastinal tumor invasion as a tumor spreading continuously from its primary location towards the mediastinum on the basis of echographic appearance. Secondly, since this procedure has the major advantage of being performed under mild sedation, patients were asked to take a deep breath. If the tumor appeared to be fixed to the mediastinum of mediastinal organs, a suspicion of invasion was given. Patients were observed for 2 hours after the procedure. They were instructed to contact the hospital in case of chest discomfort or complaints. 
Data Analysis
The primary end point of the study was cancellation of surgical interventions because of EUS findings. For LN staging, the final diagnosis was either on the basis of the LN aspirates revealing malignancy or on surgical-pathologic examination in those patients who underwent subsequent mediastinoscopy or thoracotomy. Sensitivity, specificity, accuracy, and positive and negative predictive values of EUS-FNA in mediastinal staging were obtained, excluding those patients where no surgical verification of tumor negative EUS results was obtained. Tumor positive EUS findings were not surgically validated as it was judged unethical to do so. False-positive EUS aspirates were considered unlikely, as in our study no cases existed where the aspirated LN and the primary tumor were located immediately adjacent to each other, a situation that could potentially lead to false-positive results if the tumor itself, instead of the LN, was biopsied. Statistical analysis was performed with SPSS, version 12 (SPSS, SPSS Inc., Chicago, IL).
RESULTS
EUS-FNA
EUS-FNA demonstrated LN metastases of NSCLC in 52% of patients, tumor invasion (T4) in 4% of patients, both tumor invasion and LN metastases (T4N2) in 5% of patients, and small-cell lung cancer (SCLC) in 8% of patients. In 1% of patients, an alternative diagnosis was established (ie, sarcoidosis n ϭ 1, tuberculosis n ϭ 1, carcinoid tumor n ϭ 1). On the basis of these EUS findings, surgical interventions were cancelled in 70% of patients (Table 2) . Additionally, separate analyses were performed for the group with a known NSCLC (n ϭ 100) and the group without a prior diagnosis (n ϭ 142). In the latter group the final description was NSCLC (n ϭ 119), SCLC (n ϭ 20), and non-malignant lesions (n ϭ 3). For these two groups, 65% (staging NSCLC) and 73% (diagnosing suspected lung cancer) of surgical procedures were prevented because of EUS findings, respectively.
In 3% of patients, LNs were identified by EUS at station 5 (aortopulmonary window) or station 6 (para-aortal), however no biopsy was performed because of interposition of the pulmonary artery or aorta. Reactive LN tissue was found in 27% of patients, and in 3% of patients, the aspirates were inconclusive or contained not representative material. In 75% of patients, one mediastinal LN station, in 22% of patients two different mediastinal LN stations, and in 0.5% of patients three different LN stations were biopsied. In 2.5% of patients, no EUS-guided LN biopsy occurred. The mean number of needle passes per patient was three (range, 0 to 8). The most often-aspirated LN station, in 62% of patients, was position 7 (subcarinal). Tumor invasion (T4) was observed in 22 patients (9%) of whom 13 patients also had LN metastases (Fig 1) . All six patients with N3 metastases had enlarged LNs at CT but in another 10 patients with enlarged contralateral LNs (N3) at CT, LNs were reactive. Tumor invasion (T4) was assessed in 9% of patients on the basis of invasion in the left atrium or centrally-located large vessels (n ϭ 7) or mediastinum (n ϭ 15). No complications, such as pneumothorax, bleeding, or fever, occurred.
Surgery
Surgical verification of tumor negative EUS findings occurred in 55 of 73 patients (75%; Fig 1) . EUS proved to be false-negative in 15 patients because of the presence of LN metastases of NSCLC that were located paratracheally on the left (n ϭ 2) paratracheally on the right (n ϭ 4) subcarinally (n ϭ 2), and on the lower mediastinum (n ϭ 1). Additionally, LNs in the aortopulmonary window that were suspect on EUS but could not be safely biopsied were metastatic as confirmed by mediastinotomy (n ϭ 2). Two patients were diagnosed with a SCLC and another two turned out to have a lymphoma. In the other 40 patients, EUS findings of the absence of mediastinal metastases were confirmed by mediastinoscopy/tomy and thoracotomy.
No surgical verification of tumor negative EUS findings occurred in 18 patients (Fig 1) because of presumed -PET positive but not tissue proven-N2 metastases (n ϭ 2), a tumor positive pleural biopsy (n ϭ 1), pleuritis carcinomatosa (n ϭ 2), distant metastases (n ϭ 5) and clinical deterioration (n ϭ 4) or death (n ϭ 1) in the interval before the scheduled thoracotomy, respectively, the treating physician deciding to administer neoadjuvant chemotherapy (n ϭ 2), and patient refusal for further treatment (n ϭ 1). Additionally, no surgical verification occurred in the nine patients staged T4 by EUS. The CT scan of the chest was also suggestive for tumor invasion in five of these patients.
The prevalence of regional LN metastases in this study population was 71%. The sensitivity, specificity, positive and negative predictive values, and accuracy for EUS-FNA for mediastinal staging on the basis of 215 assessable patients (Fig 1) , were 91%, 100%, 100%, 74%, and 93%, respectively.
DISCUSSION
EUS-FNA prevented 70% of scheduled surgical interventions in patients with (suspected) lung cancer because of the demonstration of mediastinal metastases or tumor invasion (69%) or by establishing an alternative diagnosis (1%).
To our knowledge, this is by far the largest prospective study of EUS-FNA in lung cancer, assessing its impact on surgical staging. The ability to diagnose lung cancer by establishing LN metastases has been reported previously.
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The large proportion of surgical interventions that could be avoided in our study confirms the results of Larsen et al 7 who found in 84 patients with enlarged mediastinal LNs that 49% of planned thoracotomies/thoracoscopies and 68% of planned mediastinoscopies could be cancelled because of EUS results. In another recent study in a similar population of 59 patients who were considered candidates for mediastinoscopy, EUS-FNA detected malignant LNs in 39% of patients, and the intended surgery finally occurred in only 22% of patients. 8 The sensitivity of EUS-FNA for mediastinal LN analysis of 91% in this study is comparable with the 88% as reported in a recent review. 5 The fact that on site cytology was performed in our study may contribute to this high yield. The negative predictive value of EUS-FNA of 74% in our study was similar as expected (77%), 5 and was a result of false-negative EUS findings in 15 patients. Five patients proved to have LN metastases in stations previously biopsied by EUS-FNA (locations 4L (2x), 7 (2x), and 8, respectively) and were obviously false-negative because of a sampling error. In two patients, enlarged LNs with ultrasound features suspect for malignancy were observed by EUS in the aortopulmonary window, but no aspirates were taken because of the interposition of the pulmonary artery. Subsequently, LN metastases were proven by mediastinotomy in both cases. In four patients, metastases were exclusively located in paratracheal LNs on the right, an area known to be difficult to investigate by EUS-FNA because of intervening air between the ultrasound transducer and the target area. Additionally, two patients were diagnosed with a SCLC, and two patients turned out to have a lymphoma. The latter diagnosis cannot be made accurately with 22-gauge needles, which were used in this study.
The present study confirms the observation by Varadarajulu et al 6 that tumor invasion in the mediastinum or mediastinal organs (T4) can be assessed by EUS provided that the tumor is centrally-located and lies adjacent to the esophagus. Surgical verification of T4 findings by EUS, however, occurred in none of our patients and in only part of the patients described by Varadarajulu, so that the accuracy for EUS for this indication is not known at present. As T-overstaging by EUS has been described, 6 extreme caution should be taken before staging a tumor as T4 as this could result in denying a patient a potentially curative thoracotomy.
The observations of our study are clinically relevant because surgical interventions are often performed in the diagnosis and staging of lung cancer. Up to 30% of bronchoscopies for suspected lung cancer are nondiagnostic, 15 and if patients have enlarged or PET positive mediastinal LNs, mediastinoscopy is often performed. By targeting enlarged mediastinal LNs, both a tissue diagnosis and mediastinal staging can be accomplished if LN metastases are present and proven. In patients with proven NSCLC and enlarged or PET positive mediastinal LNs, tissue verification of mediastinal LNs is obligatory. 1, [16] [17] [18] Although mediastinoscopy, with a sensitivity of 81% and specificity of 100%, 5 is regarded as the standard technique for mediastinal staging, there are limitations in its diagnostic reach. Additionally, a recent study demonstrated that only 40% of mediastinoscopies are performed adequately.
19 Further limitations of mediastinoscopy are the need for general anesthesia, clinical admission, and thus, high costs as well as a reported morbidity in 2% of cases.
2 In contrast, no complications have been described so far in LN staging by EUS-FNA. [3] [4] [5] It should be noted that mediastinoscopy and EUS-FNA are complementary in their diagnostic reach with EUS providing access to those LNs located adjacent to the esophagus in the left paratracheal area, the aortopulmonary window, the subcarinal area, and the lower mediastinum. 10 EUS has its limitations in visualization of LNs located in the paratracheal area on the right because of intervening air between the esophagus and the LNs in these areas. Therefore, in our experience, mediastinoscopy remains the technique of choice for the analysis of LNs located pre-and paratracheally on the right. We prefer EUS-FNA above mediastinoscopy, as the mediastinal stations to be examined can be reached by both techniques.
In a recent report, we suggested a novel staging strategy for lung cancer in which PET positive mediastinal lesions were analyzed by EUS-FNA. In 69% of patients, EUS-FNA demonstrated mediastinal involvement. 10 These results were confirmed in another study that concluded additionally that EUS-FNA could replace more than half of the surgical staging procedures and reduce staging costs by 40%. 20 Whether in patients with (suspected) lung cancer and enlarged mediastinal LNs the next diagnostic step should be PET or EUS-FNA is under debate. As the specificity of PET is only 78% in patients with enlarged LNs, 21 one may argue to start with EUS-FNA, as EUS-FNA provides a tissue diagnosis in a single test. An alternative to mediastinoscopy in the future might be endobronchial ultrasound (EBUS) guided TBNA, a novel technique by which LN located adjacent to the tracheobronchial tree can be biopsied in a real-time ultrasound-guided fashion. In a recent study from Japan in which hilar and mediastinal LNs were analyzed by EBUS-TBNA, an accuracy of 97% was reported. 22 To date, no study has compared EUS-FNA with EBUS-TBNA.
Several limitations apply to our study. Only patients with (suspected) NSCLC and enlarged mediastinal LNs were included in this study and our results, therefore, only apply for this group. LN metastases occur in approximately 20% of patients with a normal mediastinum at CT. In two recent studies, EUS-FNA demonstrated locally advanced disease in up to 22% of NSCLC patients with a normal mediastinum at CT. 9, 23 Furthermore, the prevalence of LN metastasis of 71% in this cohort was relatively high, which might provide a bias towards a higher rate of prevented surgical interventions. The high prevalence might be explained by the fact that in 27% of patients, mediastinal LNs were positive at FDG-PET. Finally, EUS investigators of this study were experienced (Ͼ 500 EUS-FNA procedures) and whether the observed findings are reproducible by less trained investigators has to be established in further studies.
In conclusion, in patients with (suspected) lung cancer and enlarged mediastinal LNs, EUS-FNA demonstrated advanced disease in the majority of patients by assessing LN metastases or tumor invasion. Implementation of EUS-FNA in the diagnosis and staging of lung cancer will reduce the number of surgical diagnostic and staging procedures considerably.
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